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(54)  SIDE RAIL

(57)  Asiderail (1) in aspritring shape is to be mount-
ed on a space expander (2) and to constitute, together
with the space expander (2), a multi-piece oil ring (3)
used in an internal combustion engine. The side rail (1)
includes an outer peripheral surface (14) facing radially
outward, an inner peripheral surface (13) facing radially
inward, a first axial surface (11) facing one end of an axial
direction, and a second axial surface (12) facing the other

end of the axial direction and parallel to the first axial
surface (11). Abevelled portion (30) is provided between
the outer peripheral surface (14) and the second axial
surface (12) and formed in a tapered surface having a
diameter gradually decreasing from a position on the out-
er peripheral surface (14) at 0.05 mm or more from the
first axial surface (11) toward the second axial surface
(12).
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Description
TECHNICAL FIELD

[0001] Thisdisclosure relates to a side rail to be mount-
ed on a space expander in an annular shape and to con-
stitute, together with the space expander, a multi-piece
oil ring used in an internal combustion engine.

BACKGROUND

[0002] In addition to a compression ring for keeping
combustion gas out, an oil ring for controlling oil on a
cylinder inner surface is mounted on a piston of a recip-
rocating engine (an internal combustion engine). As such
an oil ring, a multi-piece oil ring in which one or a pair of
side rails are attached to a space expander in an annular
shape has been popularly used.

[0003] The side rail used in the multi-piece oil ring is
formed in a split ring shape with an opening such that,
as being pushed by the space expander, the side rail
extends its diameter and its outer peripheral surface con-
tacts with the cylinder inner surface applying a predeter-
mined contact pressure (a predetermined surface pres-
sure). When the piston reciprocates during running of the
engine, the outer peripheral surface of the side rail slides
on the cylinder inner surface, forming an oil film with an
appropriate thickness on the cylinder inner surface and
scraping off excess oil adhered to the cylinder inner sur-
face toward a crankcase to prevent the oil from climbing
up to a combustion chamber.

[0004] In recent years, following an improvement in
functionality of the internal combustion engine to meet a
market demand for low fuel consumption and low oil con-
sumption, there has been a demand for a multi-piece oil
ring capable of reducing friction against the cylinder inner
surface as well as the oil consumption by controlling an
oil scraping-up action during piston upstroke (compres-
sion stroke and exhaust stroke) and amplifying an oll
scraping-off action during piston downstroke (intake
stroke and combustion stroke). In an effort to meet such
a demand, there are proposed side rails having outer
peripheral surfaces in various shapes facing radially out-
ward.

[0005] For example, PLT 1 set forth below describes
a side rail having an outer peripheral surface facing ra-
dially outward formed in a curved surface having a vertex
at an axial center of the outer peripheral surface and pro-
truding radially outward.

CITATION LIST
Patent Literature

[0006] PLT 1: JP-A-2003-194222
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SUMMARY
(Technical Problem)

[0007] Generally,itis known thatfriction onthe cylinder
inner surface caused by the side rail may be reduced by
reducing a contact width of the outer peripheral surface
to contact with the cylinder inner surface. As such, in
order to reduce the contact width, the side rails having
outer peripheral surfaces in a vertically (in front and rear
sides) asymmetrical shape with slight shape changes
have been produced.

[0008] However, the outer peripheral surface formed
in the vertically asymmetrical shape with slight shape
changes as described above makes it difficult to discrim-
inate between a top and a bottom (the front and rear
sides) of the side rail. Therefore, there is a risk that the
oil ring is assembled, or the oil ring is mounted on a ring
groove of the piston, with the side rail facing in a wrong
direction.

[0009] Therefore, it could be helpful to provide a side
rail that facilitates discrimination between the top and the
bottom thereof.

(Solution to Problem)

[0010] Asiderail, in a spritring shape with an opening,
to be mounted on a space expander in an annular shape
and to constitute, together with the space expander, a
multi-piece oilringused in an internal combustion engine,
the side rail including: an outer peripheral surface facing
radially outward; an inner peripheral surface facing radi-
ally inward; a first axial surface facing one end of an axial
direction; and a second axial surface facing the other end
of the axial direction and parallel to the first axial surface,
wherein a bevelled portion is provided between the outer
peripheral surface and the second axial surface, and
wherein the bevelled portion is formed in a tapered sur-
face having a diameter gradually decreasing from a po-
sition on the outer peripheral surface at 0.05 mm or more
from the first axial surface toward the second axial sur-
face.

[0011] Inthe above configuration, the "split ring shape
with an opening" refers to the side rail formed in a C-
shape having a cutout. Also, the "axial direction" refers
to a direction along an axis of the side rail in the split ring
shape.

[0012] Preferably, in the above configuration the ta-
pered surface includes: a main tapered surface; a first
tapered surface subportion provided between the main
tapered surface and the outer peripheral surface and in-
clined at an angle with respect to the axial direction small-
er than an angle of the main tapered surface with respect
to the axial direction; and a second tapered surface sub-
portion provided between the main tapered surface and
the second axial surface and inclined at an angle with
respect to the axial direction larger than the angle of the
main tapered surface with respect to the axial direction.
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[0013] In the above configuration, preferably, the bev-
elled portion is formed in a tapered surface having a lin-
early decreasing diameter.

[0014] In the above configuration, preferably, the bev-
elled portion is formed in a tapered surface that concavely
curves.

[0015] In the above configuration, preferably, the bev-
elled portion is formed in a tapered surface that convexly
curves.

[0016] In the above configuration, preferably, the ta-
pered surface includes a step-cut portion.

[0017] In the above configuration, preferably, the ta-
pered surface includes a groove.

(Advantageous Effect)

[0018] Accordingtothe disclosure herein, the bevelled
portion, which is made apparent, is provided between
the outer peripheral surface and the second axial surface.
Therefore, when a side rail has a directionality, i.e., fixed
top and bottom (front and rear sides), a person may easily
discriminate the top and the bottom of the side rail by
viewing the bevelled portion with his/her eyes during pro-
duction of the side rail or during assembly mounting the
side rail on a ring groove of a piston.

[0019] According to the disclosure herein, as de-
scribed above, a side rail that facilitates the discrimination
between its top and bottom may be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] In the accompanying drawings:

FIG. 1 is a plan view of a multi-piece oil ring that
includes a side rail according to one embodiment;
FIG. 2 is a longitudinal cross-sectional view of the
multi-piece oil ring illustrated in FIG. 1 in use;

FIG. 3is a plan view of the side rail illustrated in FIG.
1;

FIG. 4 is a cross-sectional view taken from line A-A
of FIG. 3;

FIG. 5 is a cross-sectional view of a variation of the
side railillustrated in FIG. 4 having a bevelled portion
made up of one main tapered surface and two ta-
pered surface subportions;

FIG. 6 is a cross-sectional view of a variation of the
side railillustrated in FIG. 4 having a bevelled portion
formed in a tapered surface that concavely curves;
FIG. 7 is a cross-sectional view of a variation of the
side railillustrated in FIG. 4 having a bevelled portion
formed in a tapered surface that convexly curves;
FIG. 8 is a cross-sectional view of a variation of the
side rail illustrated in FIG. 4 having a tapered surface
that includes a step-cut portion; and

FIG. 9 is a cross-sectional view of a variation of the
side rail illustrated in FIG. 4 having a tapered surface
that includes a groove.
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DETAILED DESCRIPTION

[0021] Hereinafter, the disclosure will be described in
detail by using an embodiment with reference to the ac-
companying drawings.

[0022] As illustrated in FIG. 1, a side rail 1 according
to one embodiment, together with a space expander 2,
constitutes a multi-piece oil ring (an oil-controlling ring)
3. In the figure, the multi-piece oil ring 3 is a three-piece
oil ring made up of a pair of side rails 1 mounted on either
axial side of the space expander 2. As illustrated in FIG.
2, the multi-piece oil ring 3 is placed in a ring groove 4a
formed on a peripheral surface of a piston 4 in, for ex-
ample, a reciprocating combustion engine that runs on
petrol.

[0023] Alternatively, the multi-piece oil ring 3 may be
a two-piece oil ring made up of one space expander 2
and one side rail 1.

[0024] The space expander 2 is made of steel and
formed in an annular shape that may be elastically de-
formed radially inward and outward. The space expander
2, in a state being elastically deformed in a direction to
reduce its diameter, is placed in the ring groove 4a of the
piston 4 in such a manner as to push the side rail 1 radially
outward and axially outward to expand the side rail 1.
[0025] According to the present embodiment, the pair
of side rails 1 have identical configurations and, as illus-
trated in FIG. 3, are each made with a planar steel belt
curved to form a split ring shape with an opening 10. That
is, the side rail 1 has a C-shape with the opening 10
formed as a cutout on a circumference of the side rail 1.
The side rail 1 may be elastically deformed extending the
opening 10 in a circumferential direction to extend a di-
ameter of the side rail 1 itself radially outward.

[0026] As illustrated in FIG. 4, the side rail 1 includes
afirst axial surface 11 facing one end of an axial direction
(a downward direction in the figure), a second axial sur-
face 12 facing the other end of the axial direction (an
upward direction in the figure), an inner peripheral sur-
face 13 facing radially inward, and an outer peripheral
surface 14 facing radially outward. A cross-sectional
shape of the side rail 1 perpendicular toits circumferential
direction is approximately the same throughout the cir-
cumferential direction. Note that the "axial direction" re-
fers to a direction along an axis of the side rail 1 having
the split ring shape.

[0027] The first axial surface 11 is formed in a planar
surface perpendicular to the axial direction. As illustrated
in FIG. 2, the first axial surface 11 is facing a crankcase
of the engine in a state where the multi-piece oil ring 3
including the side rail 1 is mounted on the piston 4.
[0028] Asillustratedin FIG. 4, the second axial surface
12 isformed in a planar surface perpendicular to the axial
direction, i.e., parallel to the first axial surface 11. As il-
lustrated in FIG. 2, the second axial surface 12 is facing
a combustion chamber of the engine in a state where the
multi-piece oil ring 3 including the side rail 1 is mounted
on the piston 4.
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[0029] Inthe figure, an axial distance between the first
axial surface 11 and the second axial surface 12 of the
side rail 1, i.e., an axial thickness (a rail width) W of the
side rail 1is 0.35 mm. Also, a distance between the inner
peripheral surface 13 and the outer peripheral surface
14, i.e., a radial length L of the side rail 1 is 1.52 mm.
[0030] Asillustratedin FIG. 4, the inner peripheral sur-
face 13 of the side rail 1 is formed in a curved surface (a
barrel face) having a vertex at an axial center of the inner
peripheral surface 13. As illustrated in FIG. 2, the inner
peripheral surface 13 of the side rail 1 contacts with a
mounting plane 2a of the space expander 2 in a state
where the multi-piece oil ring 3 including the side rails 1
is mounted on the piston 4.

[0031] Note that the inner peripheral surface 13 is not
limited to have the above shape but may have various
shapes including a cylindrical surface parallel to the axial
direction.

[0032] Asillustratedin FIG. 4, the outer peripheral sur-
face 14 of the side rail 1 is formed in a cylindrical surface
parallel to the axial direction. As illustrated in FIG. 2, the
outer peripheral surface 14 of the side rail 1 contacts with
a cylinder inner surface 20.

[0033] The outer peripheral surface 14 of the side rail
1 includes one axial end having a bevelled portion 30
formed thereon. That is, the bevelled portion 30 is pro-
vided between the outer peripheral surface 14 and the
second axial surface 12. A portion between the outer
peripheral surface 14 and the first axial surface 11 does
not need to be bevelled but may be formed in a curved
surface such as an R shape. In this case, the R-shape
has aradial width and an axial width that are smaller than
those of the bevelled portion 30.

[0034] The bevelled portion 30 is formed by a tapered
surface 30a with a diameter gradually decreasing from
a position on the outer peripheral surface 14 where an
axial distance B from the first axial surface 11 toward the
second axial surface is at least 0.05 mm, i.e., a position
on the outer peripheral surface 14 at 0.05 mm or more
from the first axial surface 11 toward the second axial
surface 12.

[0035] More preferably, the axial distance B indicative
of a start point of the bevelled portion 30 is set to 0.10
mm or more.

[0036] In FIG. 4, the tapered surface 30a is formed in
a linear tapered surface with a linearly reducing diameter
(a conical surface shape). In this case, an angle dof the
tapered surface 30a with respect to the axial direction is
preferably larger than 10 degrees, more preferably at
least 30 degrees.

[0037] Also, a radial length T of the tapered surface
30a is preferably at least 0.05 mm.

[0038] According to the side rail 1 of the disclosure, as
described above, the outer peripheral surface 14 in-
cludes one axial end having the bevelled portion 30
formed thereon in a visible manner. The bevelled portion
30 enables, when the side rail 1 has top-and-bottom di-
rectionality, workers to easily determine the top and bot-
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tom of the side rail 1 by viewing the bevelled portion 30
with his/her eyes during production of the side rail 1 or
during assembly mounting the side rail 1 on the ring
groove of the piston. Accordingly, during the production
or the assembly, the side rail 1 is prevented from being
mounted facing a wrong direction.

[0039] The bevelled portion 30 may be formed by a
combination of a plurality of tapered surfaces. As illus-
trated in FIG. 5, for example, the tapered surface forming
the bevelled portion 30 may include a main tapered sur-
face 31a-1 inclined at an angle 81 with respect to the
axial direction, a first tapered surface subportion 30a-2,
and a second tapered surface subportion 30a-3. The first
tapered surface subportion 30a-2 is provided between
the main tapered surface 31a-1 and the outer peripheral
surface 14 and inclined at an angle 62, smaller than the
angle A, with respect to the axial direction. The second
tapered surface subportion 30a-3 is provided between
the main tapered surface 31a-1 and the second axial
surface 12 and inclined at an angle &3, larger than the
angle &1, with respect to the axial direction.

[0040] When the bevelled portion 30 is formed by a
combination of a plurality of tapered surfaces as de-
scribed above, a radial length T of the bevelled portion
30 is secured in such a manner that the bevelled portion
30 becomes apparent and, simultaneously, the first and
second tapered surface subportions 30a-2 and 30a-3
may be gently joined to the outer peripheral surface 14
and the second axial surface 12, respectively. This con-
figuration enables the bevelled portion 30 to prevent
scraping-up of oil on the cylinder inner surface 20, which
would be otherwise caused by an edge of the outer pe-
ripheral surface 14, and reduces oil consumption. Fur-
ther, this configuration enables the bevelled portion 30
to actively introduce the oil between the second axial
surface 12 and an inner surface of the ring groove 4a,
reducing friction between the side rail 1 and the inner
surface of the ring groove 4a.

[0041] Asiillustrated in FIG. 6, the tapered surface 30a
of the bevelled portion 30 may be concavely curved. In
this case, the tapered surface 30a preferably has a con-
stant radius of curvature. However, the tapered surface
30a may have the radius of curvature that gradually
changes.

[0042] AsillustratedinFIG.7,also, the tapered surface
30a of the bevelled portion 30 may be convexly curved.
In this case, the tapered surface 30a preferably has a
constant radius of curvature. However, the tapered sur-
face 30a may have the radius of curvature that gradually
changes.

[0043] When the bevelled portion 30 is formed by the
tapered surface 30a concavely or convexly curved as
described above, the bevelled portion 30 becomes more
apparent, further facilitating the discrimination between
the top and the bottom of the side rail 1.

[0044] Asillustratedin FIG. 8, also, the bevelled portion
30 may be formed by the tapered surface 30a having a
step-cut portion 31. The step-cut portion 31 includes a
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horizontal surface 31a perpendicular to the axial direction
and a vertical surface 31b parallel to the axial direction,
and is provided at an approximate center of the tapered
surface 30a.

[0045] The step-cut portion 31 provided to the tapered
surface 30a as described above makes the bevelled por-
tion surface 30b more apparent, further facilitating the
discrimination between the top and the bottom of the side
rail 1.

[0046] AsillustratedinFIG. 9, further, the bevelled por-
tion 30 may be formed by the tapered surface 30a having
a groove 32, instead of the step-cut portion 31.

[0047] In this case, the tapered surface 30a is formed
in a smooth convex curve, and the groove 32 is formed
in a smooth concave curve and provided at the approx-
imate center of the tapered surface 30a. The tapered
surface 30a and the groove 32 are joined to each other
forming a smooth curved surface. Also, the tapered sur-
face 30a and the outer peripheral surface 14, and the
tapered surface 30a and the second axial surface 12, are
smoothly joined to one another.

[0048] The groove 32 as described above provided on
the tapered surface 30a also makes the bevelled portion
30 more apparent, further facilitating the discrimination
between the top and the bottom of the side rail 1. Further,
when the tapered surface 30a that forms the bevelled
portion 30 is formed in a smooth surface that is convexly
curving, the radial height T of the bevelled portion 30 is
secured, making the bevelled portion 30 more apparent.
Also, the tapered surface 30a may be gently joined to
the outer peripheral surface 14 and the second axial sur-
face 12. This configuration enables the bevelled portion
30 to prevent the oil on the cylinder inner surface 20 from
being scraped up during the piston upstroke, which would
be otherwise caused by the edge of the outer peripheral
surface 14, and thus reduces the oil consumption. Fur-
ther, this configuration enables the bevelled portion 30
to actively introduce the oil between the second axial
surface 12 and the inner surface of the ring groove 4a to
reduce the friction against the inner surface of the ring
groove 4a caused by the side rail 1.

[0049] Although notillustrated in the figure, a hard film
(a hard layer) may be provided at least on the outer pe-
ripheral surface 14 and the bevelled portion 30, i.e., the
tapered surface 30a. The hard film may contain at least
one layer selected from the group consisting of, for ex-
ample, a nitrided layer, a PVD-processed layer, a hard-
chromium plated layer, and a DLC layer.

[0050] Note that the "PVD treated layer" refers to "a
layer formed by physical vapor deposition (Physical Va-
por Deposition)", and the "DLC (Diamond Like Carbon)
layer" refers to a noncrystalline hard carbon film mainly
composed of hydrocarbon or carbon allotrope.

[0051] The hard film provided on the tapered surface
30a as described above offers effects of preventing the
outer peripheral surface 14 from changing its shape due
to abrasion, reducing a decrease of a surface pressure,
maintaining oil controlling functionality, and reducing the
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oil consumption and fuel consumption of the engine for
along period of time. Also, the hard film may provide the
bevelled portion 30, which is to be viewed by workers,
with a hue that s clearly different from a hue of the second
axial surface 12 and the outer peripheral surface 14. Or,
when the outer peripheral surface 14 is subjected to lap-
ping, a difference between the hue of the outer peripheral
surface 14 and a hue of the remaining portion becomes
more apparent. Therefore, such a hard film as described
above may make the bevelled portion 30 more apparent,
further facilitating the discrimination between the top and
the bottom of the side rail 1.

EXAMPLE

[0052] One hundred side rails in the shape as illustrat-
ed in FIG. 4 were prepared. These side rails each had
the axial thickness (W) of 0.35 mm, the axial distance (B)
of 0.15 mm, and the angle (6) of 30 degrees. The axial
distance (B) indicates a start position of the bevelled por-
tion on the outer peripheral surface, and the angle (6) is
an angle of the tapered surface of the bevelled portion
with respect to the axial direction. Then, ten workers de-
termined the top and the bottom of the side rails by view-
ing the side rails with their eyes. As a result, the tops and
the bottoms of all of the side rails were correctly discrim-
inated from each other by the workers.

[0053] Itis to be understood that the disclosure herein
is not limited to the foregoing embodiment but may be
varied in a variety of manners without departing from the
spirit and the scope of the disclosure herein.

[0054] For example, although in the foregoing embod-
iment the outer peripheral surface 14 is formed in a cy-
lindrical surface parallel to the axial direction, the outer
peripheral surface 14 may have a different shape includ-
ing a vertically (in front and rear sides) asymmetrical
shape with a slight shape change.

REFERENCE SIGNS LIST

[0055]

1 side rail

2 space expander

2a mounting plane

3 multi-piece oil ring

4 piston

4a ring groove

10 opening

11 first axial surface

12 second axial surface

13 inner peripheral surface
14 outer peripheral surface
20 cylinder inner surface
30 bevelled portion

30a tapered surface

30a-1  main tapered surface
30a-2 first tapered surface subportion
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second tapered surface subportion
step-cut portion
horizontal surface
vertical surface
groove

axial thickness
radial length

axial distance
angle

radial length
angle

angle

angle

Claims

A side rail, in a sprit ring shape with an opening, to
be mounted on a space expander in an annular
shape and to constitute, together with the space ex-
pander, a multi-piece oil ring used in an internal com-
bustion engine, the side rail comprising:

an outer peripheral surface facing radially out-
ward;

an inner peripheral surface facing radially in-
ward;

a first axial surface facing one end of an axial
direction; and

a second axial surface facing the other end of
the axial direction and parallel to the first axial
surface,

wherein a bevelled portion is provided between
the outer peripheral surface and the second ax-
ial surface, and

wherein the bevelled portion is formed in a ta-
pered surface having a diameter gradually de-
creasing from a position on the outer peripheral
surface at 0.05 mm or more from the first axial
surface toward the second axial surface.

2. The side rail according to claim 1, wherein the ta-

pered surface comprising:

a main tapered surface;

a first tapered surface subportion provided be-
tween the main tapered surface and the outer
peripheral surface and inclined at an angle with
respect to the axial direction smaller than an an-
gle of the main tapered surface with respect to
the axial direction; and

a second tapered surface subportion provided
between the main tapered surface and the sec-
ond axial surface and inclined at an angle with
respect to the axial direction larger than the an-
gle of the main tapered surface with respect to
the axial direction.
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The side rail according to claim 1 or 2, wherein the
bevelled portion is formed in a tapered surface hav-
ing a linearly decreasing diameter.

The side rail according to claim 1 or 2, wherein the
bevelled portion is formed in a tapered surface that
concavely curves.

The side rail according to claim 1 or 2, wherein the
bevelled portion is formed in a tapered surface that
convexly curves.

The side rail according to any one of claims 1 to 5,
wherein the tapered surface includes a step-cut por-
tion.

The side rail according to any one of claims 1 to 5,
wherein the tapered surface includes a groove.
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